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(57) ABsTRAcr 
The subject of the invention is a method for anrlysing 
heparina or low~lecular-weight l~cparhs, characterized io 
that the aample ta be assayed is depolymerized by the action 
of heparioases and then, where appropriate, the depolymcr- 
hate obtained is mduced and then an aualyais is carried out 
by high performance liquid cbromatognpby. 
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MEI'HODFORDETERMlNINGSPECIFK! 
GROUPSCONSlTlVTINGHEPARJNSORUIW 

MOLECULARWEIGRTHEPARINS 
[oool] This appiication claims the bcnek of us. Provi- 
sionrl Appliatiou No. 60/422,482 filed 0&31,2002, and 
right of priority from Fmncb Patent Application No. 02 
11724, llled Sep. 23,2002. 
[0002] The subject of the pmsent invention is a method for 
adysing speciac gmllps coastitutirlg bepalina or low-olo- 
lecular-weight heparins. 

[lb0031 Daring the p-5 for pnpariag enoxapti 
(Lovenox@) (U.S. Pat No. iQ89.618) &om pure hepatin, 
the aqlmmepbase alkaline clepolymcxization process pm- 
ducts a partial but charaderistic cowersion of the gbl- 
cosamk of the rcduciog ends of tbe o&xac&aride 
cbaiIls. 
[ooo4] TlIc first step of this convemion consists of a 
gbicoaamk.~mawsaok epimcrization @. ‘Ibida et al, 
J. Carbohydrate Chemistry, lS(3). 351-360 (Ma)>; the 
second step is a 6-oaesulfrtirnr of the glucaumint, lcadii 
to tbe formation of derivatives c&d “1.6 ahydro” (inter- 
nationat patent application WO Ol/BO55). 

[0805] This type of derivative is oaly obtainfxl for oli- 
gaaccharide cbaim whose tenniaal glacoumine $6-o- 
sulfated. 
[OOOfij’ The pacentage of oligosa~haride chti wbosa 
end is modified with a 1,6-anhydra bond ir a structural 
ChrncttrislicOftbC~CChuidenlixhuc ofI.nvenoxand 

z! Sh0Uld be possiile to measwc it. 
@OO7l Tbe preacnt invsntion thenfore cowiats of a 
method for anaiysing beparins, low-molecular-might bep- 
aria and more particuMy Lovenox. 
[0008] lte method of analy& accotiing to tba inventioa 
iSttlCfOUOWillg: 
[OOOP] The sample to be assayed is dcpolymeked by the 
a&n of hepariwcs and then, wbcn appqniate, tbe 
depolymerizate obtained is mduced and then anaIysia is 
anied oat by higbikxformance liquid chmmatagraphy. 
[OOlO] The method as detined abcwe is tbem6~~ durac- 
terizediotbatthcnkaseuchforthepnsenceofoligosrc- 
cba&le &aim wtxxe end is modified with a 1,6-anhyda 
bond (“1,6-anbydm groups”). 
[OOll] In particular, tbe sample to IX assayed is first of all 
exbauatively depolymcrized witb a mixture of kparirues 

NaOH,6CJ”c l-EpimtSmioa 
I 
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and in particular heparinaae 1 (EC 4.227.X heparinasc 2 
(h&n lyase II) and hepaninase 3 (EC 4.2.2.8.). (“hsc 
emymes are marketed by the group Grampian JZnzymes). 
[8Ol2] The subject of tbe invention is therefore a method 
for analyzing heparins or bw-molczular-weight hcpari~, 
characterized in that the following steps are carried out: 

[~o~~pieeymerization of the sample by the action 

[0014] 2) where appropriate, reduction of the depoly- 
alerizdte 

[OOJtl~ 3) assay by high-performaoa liquid chromatog- 

[0016] The subject of the invention is more particuMy 
the method as defined above. characterized in that the 
hcpuinaswue.~thefamofI~ofhepuina~l1C 

ase 2 (heparin lyase II) and heparinase. 3 

[0017] Tbc depolymerizate thus prepared is then treated 
preferably with an NaB& so~tutioo iu sodium acetate. ‘Ibe 
latter operation makes it poswible to specilkally reduce tbc 
mdueiag ends which arc not iu tlm l&anhydro form (prod- 
ucts described in patent application WO 01/72762). Fiiy, 
inordertobeabletoquantifythedisaccbkidesland2 
described below, the sample of low-molecular-weigh1 hep 
ario, depolymerimd with hepadnases, should be reduced by 
the action of a sducing agenl such as NaBH,. 
[MU] Ths subject of the invention is therefore more 
particukly the method as declined above, characterized in 
that the depolymerizcd hepario is then rednced. 

Jun. 2,2005 
2 

[OW] The subject of the invention is most particularly the 
method as de&d above, characterid in that the reducing 
ageat is NaBH, Another alkali metal salt of bornhydride 
such as lithium or potassium may be optionally used. 

[O&20] ‘ll~e asay of the lb-anhydm ends is then carried 
<out by HPLC (High Perfomancc Liquid Chmmatography) 
sod in particular by anion-exchange chromatography. 

(Orm] The method of assay according to the invention 
make5 it possible to clearly diffaeutiate Lovenox 6rom the 
other low-molecular-weight heparins which do not contain 
the “1,~anhydr# derivatives. Conversely, the method of 
asay acco&g to the invention makes it possible to asccr- 
tain that low-molecnlar-weight hcparins do not satisfy the 
physicochemical characteristics of Lovenox and therefore 
am d&rent iu nature. 

[OtlB] The method of assay according to the invention 
may bc applied to the industrial process during in-process 
control of satupks iu order to provide standardixation of the 
pmces for manufachuing L~venox and to obtain uniform 
batches 

[0023] After enzymatic depolymerization and reductioo of 
the reducing ends, the 1,6-anhydm derivatives of Luvenox 
exist in 4 essential tkms. The subject of the imrention is 
thcrcti~rc ah the method as dc&ibed above, characterized 
in that the 1,6-mhydro residues obtained during the depo- 
lynlcrizatiorl naetion are the following: 
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p24] All the oligc6acc~ or polysa&Uidcs which 
contain the 1$54nhydro end on the terminal diucchrride 
unit and which do mt paws a 2Gsulfatc oo the uranic 
acid of said terminal disaakkie am completely dcpoly- 
me&d by the hqarinascs sod in the form of the disaccha- 
rides 1 and 2. On the 0th~~ hnd, when said terminal 
aaccbaridc contaios a 2-O-suEttc on the uranic acid and 
when it is io the msonostmhe form, the l&nhydro 
derivative is in the form of the t&asac&aride 1 (form 
lestant to hcparilllses). 
[cww] The. ticcharidc 1 (see below) is also present in 
the mixture. It is dctived from another degradation pmass 
20 which leads to the struclure below (peeling phenomenon 
observed duriog the chemical dcpolymerization of 
L.ovcnox). 

[OB2a] lb other comtituenls of the mixture ace not char- 
achistic aolcly of Low+nox. There arc of course the 8 
elementary disaccharides of the he&n chain. These 8 
elementary disacchari~ are. marketed ioter alia by the 
company Sigma. 

[8027l Other disaccharides were idcntitied in the mixture 
by the method according to the invention: the disaccharides 
AlIs~andAIVS~w%ichhaveasorigioa&aIine2-0- 
dcsulfation of -1doA(2S)-GlcNs(6s> and of -IdoAQS)- 
OlcNS-, leading to the formation of 2 &cturo& acids. 
?bty arc not usually present in tbc original stfucturc of 
heparin (U. M. Dcsai et al., A&. Biochem. Biophp, 306 
(2) 46148 (1993). 

-continued 

W PO* 
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[0028l ThcoIig-cootaioiog3-o-glu- 

cosamioca witladaod cleavage by heparinases and remain 

present in UIC form of tctrasaahides. 

[8029] In the case of most low-mole4allar-weight hcpaIins, 
the hcpariu is cxtractul from pig mucus, and these principal 
tctrasaakides are represented below. They arc nxistaat to 
enzymatic dcpolperizatioo mud reflect the scquw with 
afiililyforatllithrombinnI.Thcyaresym~~as~~ 
AIIa-11% aod AUa-Ilk,,. (S. YAMADA, K. YOSWDA, 
hf. SUWJRA, K-H KHOO, H. R. MORRIS, A. DELL, J. 
Biol. Chem.; 270(7), 4780-4787 (1993) 
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[0030] The noal coMtiluenlt of the mixture cleaved with [0@36] By way of example, standard chmmatographic 
hcparinases is the glyccseri~ cod AGlcA-Gal-Gal-Xyl-Scr scpantion condilioos am given below 
(K. SUGAHAXA, H. ‘MJDA, K YGSHIDA, S. 
YAMADA, J. Biol. Chcm; 270(39), 22914-22923 (1995); 
K. SUGAHARA, S. MADA, K. YGSHIDA, l? de salveat A: t-&‘dJ$ bmuDhr IIJ PH 2s~ by 

WAARD, J. I? G. VLJEG-, I. Biol. C&cm.; q ~tiB: ~ao,~r+t&m~2smM,b~0 
* x7(3), 1528-1533 (1992). lbe latter is generally almost 

absent from Lovenox (sac NMR in Fkamplc 5). 

[OD31] Another aspect of Ihc invention consists in the 
chromatography process used br de&mining the 1.6-a&y- 
dm groups. Fimt of all, it involves scparatiog the various 
polysaccharides obtained I&r &polymerization and tnat- 
merit with a reducing agent such as NaBH,. 

100321 Aoiiu-exchange cluwhy (SAX) is the 
separating method which is most suitable fior such a complex 
mixture. 

[0033] Columns filled with a stationary phase of the 
SpherisorbSAXtypchaviogaparticlesizeof5Icmuda 
length of 25 cm can be used. Au the conventional cokuun 
diameters between 1 mm and 4.6 mm cao be used. 

[O&34] The equipment used may be a chmmatogtaph 
allowing the formation of ao &ion grad& with a W 
detector, more pmfenbly quipped with an amy of diodes 
io order to be able to pmducc W spcdn of the constituents 
sod to record complex signals, rc&ing from the di&cncc 
between the absorbance at :! difknt wavelengths and 
allowiog the specific detection of acetylated oligu9rccha- 
rides. To allow this type of detection, mobile phases which 
mtransp~ntintheWmgioraoptoU)Onmuep~rblt. 
This cxcludcs conventional q lobile phlscs brstd on NaCl 
which have moreover the disadvantage of quiring a pas- 
skated chromatograph in ordca to with&ml t& am&ve 
powerofthcchloridcs’lhemobilephascuscdhercwiUbe 
pmfcnbly based on sodiim perchlocate, but mcthar~+ 
sulkmate. or phosphate salts may also be used. 

[003s] The pH mcommended for the separation is from 2 
ta6.5.heferrbly,apHinthc~ragioaof3winbaused.1lis 
amtmlkd&mbyaddingasalksuchaspkphateposscs+ 
ing a huffcxing power at pH=3 which is better than that of 
pcrchloratee. 

[0037j The clution gradient may be the following: 

[003LI] T-0minz%B-3;T-40minz%BdO,T-60 
oh 46 B40 

[0039] The subject of the pmaent invention is therctire 
also a method of analysis as defined above by separation by 
anionachrngc chromatography, charaaerizad in that the 
mobikphascwhichistraqaxentintheUVmgionupto 
2alnMisuscd. 
[0040] Tht subject of the invention is mom par&My a 
mob& phase as d&cd above brsed 011 sodiumperchloratc, 
mcthanesalfonate salts or pboaphata salts. 
[0041] Anothcz most important aspect coILsi& ill the 
method of dekction. 
[OIW] A method is developed io order to increrac the 
specikity of the UV &t&ion. As nooacetylatcd polysac- 
char&s all have, at a given pH, a fairly similar W 
specmq it is possible to sclcctivcly detect the acetylatcd 
sugars by &king as @aI the difference between the absor- 
bance at 2 wavelengths chosen such that the absorptivity of 
the oalwetylatedsaoclulrid0s caId3 out. 
[OW] Inthccasebclow,2U2nmand23Onmwillbe 
chose0 as detcdion and rcfc~occ wavelengths aod the 
2onmaignalwiIlbcp61ed.Thecboiccofamrsc 
dcpcndsonthepHofthcmobilcph~(rdjustmeabola~ 
nmmaybcneccssqaoastobaattheoptimumofsaid 
coadhiom). ‘Ibe most suitable dckctor for this khoiquc is 
the DAD 1100 &ctor from the company Agiknt Ttcb- 
nkgiai.IInthisaac,adoublcdctcctionwiIlbccarricdout 
at234nm,on(hawahm4lodrt#n230om,ontheothcr 
haod. The prMplc of selective dctedion of scctylated . lagowk&hillustrrtcdinF¶G.lhwhkhtht W 
Zp&mmofasulfakddisacchari&Dc~ta Isiscompared 
with that of a0 acctylatad dkaccbaride Delta la. 
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[0044] ‘Ibe subject of the present inventian is tbe&re 
also a method of analysis as defined above by separation by 
anion-exchange chmmatography, characterixed in that the 
method of &t&o0 makes it possible to selectively detect 
acetylated sugars. 
[0045] lbe subject of the inveotioo is also most particu- 
larly a method of analysis as deIhmd above by separation by 
exchange cluxnnatography, cbaracterixed in that the aelec- 
tive dektioo of acetylated sugars is carried out tahing as 
signal the ditlbnnce between the absorbance at 2 wave- 
lengths chosen such that the absorptivity of the nonacety 
lated sawharib cancels out. 
[OW] The quantillcation of the 4 1,6-mhydm residues 
desc&edaboverquiresasuIgcientselectivityofthecluo- 
mabgnphic system iu relation to all the other constituents 
of the mixture. However, the 12 disaccharides 1 and 2, which 
are co&ted iu general, are poorly reaolved v&b respect to 
Ma, eq&l.ly as the latter is pnsent In the form of its 2 a 
aod fl anomem. 
[W7] The identity of the 2 disaccharides 1 aud 2 may be 
easily veri5ed btxause they form in a few hours at room 
tempentun in ao aqueous solution of AIIs brought to pH 13 
by addition of NaOH. However, if double detection is used, 
the acetylated oligosaccharides AM, AID, VIIla, Ala, VIIa- 
IVs& and AIIa-IIs,, an easily identifiable. 
[0048] The causes of splitting of the peak am the ano- 
mericformsooothewehand,andtoaleserdtgreetbe 
ghtcceamine~mammsamine epimerization which is par- 
tially present for AIIs, AIIIs and AIs when they are in tbe 
terndual position in the 0lIgosssccharide chain. 
[Ott491 In order to be able to quantify the disa&arides 1 
and 2, the sample of low-rno:kcular-weight bqrarin, depo- 
lymerized by heparinases is reduced by the actioa of NaB&. 

[OO!lO] Thisredu&nhastheadvamqeofeliminatingthe 
a+ anomerisms by openiug of the termind oligwaah- 

ride ring. ‘Ihe cbromatognm obtained is simpler since the 
anomerisms axe eliminated and esp&lly the reduction of 
Ma redaces its retention on the column and allows easy 
assay of the disaccharides 1 and 2. 

[OO!Jl] T& examples of duomatograms described in 
,FlGS. 2 and 3 clearly illustrate these phenomena and tbc 
hlvaotages of this method. 

[O&I21 Finally, the subject of the invention is also the 
novel saccharide derivativts obtained using the depolymer- 
ixation and reduction process, chosen from disaccharide 1, 
dIsac&ride 2, dIsacchari& 3 and nkcharide 1. 

BRIEF DESCRIP’DON OF THE DRAWINGS 

[0053] FIG. 1 hstntes the selective detection of acety- 
lated ol@saccbarides in which the UV spectmm of a 
sulfated disaccharide Delta is 1s compared with that of an 
acetylakd dkaccharide Delta la. 

[0054] FIG. 2 shows the chromatographic separation of 
cnoxapario depolymaizcd with heparinaacs before and after 
reduction with NaBH, (signal iu fine black UV at 234 nm; 
signal io thick black W at 202-234-m) 

[ooss] FIG. 3 shows the chromatographic separation of 
heparin &polymerixuI with heparinases before mod after 
reduction with NaBH, (signal in IIne black UV at 234 mu; 
signal iu thich blaclc UV at 202234 om) 

[OoSa] The examples below ihstrate the inventioo with- 
out however having a limiting character. 

EXAMPLE 1 

[OOS?] The enzymatic depolymerixation is carried out for 
48hoursatrnomtcmpetatureby~50Cllofasolution 
cootainiog 20 mg/ml of low-molecular weight heparhr to be 
wayed, 200 pl of ,a 100 mM acetic acimaOH solution at 
pH7.Ocontaiuing2mMcalciumacetateand1mgMof 
BSAwithU)~Ldsstoclrao~tionofthc3btparinasts. 

[04t!UI] Thereductioniscarriedoutoo6O~oftheproduct 
depnlymerixed with the beparinaaes by adding 10 fl of an 
NaBH, sohttioo at 30 fl in 100 mM aodhtm acetate prepared 
immediately before use. It will be noted that the beparinaaes 
are stored at -30’ C. The hep fAoasesminabuf6ctsolutioo 
and their titer is 05 Wml (coqmsition of the bulk 
sohtioo: aqueous solution pH 7 of I&PO, at a concuura- 
tioo of 0.01 mol/l and supplemented with bovine iiemm 
albumin @ISA) at 2 mg/ml). 

-2 

[OOS9] NMR of Disaccharide 3 obtained according to the 
process dcscrkd above. 

[0060] proton spcctmm in DzO, 400 MHZ, T-29& a in 
ppm:334(lH,~J-7md2Hz.~~3.~(1H.I,J~~ 
H6~3.90(~m,H3),4.03(1~~H4~A#)(1H,41~8, 
H6), 4.23 (lH, t, J-5 Hx, HY), 4.58 (lH, m, II2$4.7g (lH, 
m, RI). 5.50 (lH, s, ID), 5.60 @I. dd, J-6 and 1 Hx, Hl’), 
6.03 (lH, d, J-5 Hz, H4’)] 
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EXAMU 3 

[0061] NMR of the Tetrasaccharide 1 obtained according 
to the process described above. 
[0062] Pmtoo spectrum in D,O, 400 MHz, T-298% 8 in 
ppm: 3.15 (lH, s, H2), 325 (iH, m, H2”), 3.60 (lH, q , 
ID”), between 3.70 and 4.70 (14H, umesolved complex, 
H3/H4/H6, H2’/H3’/H4’/H5’, H4”/H5”/H@, H2’“/IW), 4.75 
(lH, m, H5), between 5.20 and 5.40 (2H, m, HT ad HZ”), 
5.45 (lH, m. HI’“), 5.56 (1H; q , Hl), 5.94 (lH, d, J-5 Hz, 
H4) 

EXAMPLE 4 

[0063] NhiR of the Trisaccharide 1 obtained according to 
the process descriid above. 
[II0641 Spectnuu in D,O, 600 MHz, (6 in ppm): 3.28 (lH, 
m), 3.61 (lH, t, 7 Hz), 3.79 (lH, t, 7 Hz), 3.95. (lH, d, 6 Hz), 
4Ml(1H,s),4.2iJ(1H,m),4.28(2H,m),4.32(1H,d,4Hz), 
4.41 (lH, s), 4.58 (lH, s), 4.61 (lH, s), 4.90 (lH, broad a), 
5.24 (lH, s), 5.45 (lH, s), 5.95 (lH, s). 

EXAMPLE 5 

[OOt%j NhfR of AGlcA-GalGal-Xyl-!kr 
[0066] Spectrum in D,O, 500 MHZ (6 in ppm): 3.30 (lH, 
t, 7 Hz), 3.34 (1H. t,8 Hz), 355 (lH, f 7 Hz), 3.60 (lH, t, 
7 Hz), between 3.63 and 3.8!i (lOH, m), 3.91 (ZH, m), 3.96 
(1H. dd, 7 and 2 Hz), between 4.02 and 4.10 (3H, m), 4.12 
(lH, d, 2 Hz), 4.18 (IH, m), 4.40 (lH, d, 6 Hz), 4.46 (lH, 
d, 6 Hz), 4.61 (lH, d, 6 Hz), 5.29 (lH, d, 3 Hz), 5.85 (lH, 
d, 3 Hz). 

EXAMPLE 6 

Principle of the Quantification 

[WV tn the method acoording to the inve41tio~ the 
widely accepted bypothesh that all the unsaturakd oligrsac- 
charides contained in the mixture have the same molar 
absorptivity, equal to 5500 mol-l.Lcm~’ is made. 
[MM81 It is therefore possible to determine the percentage 
by weight of alI the amstitnents of the depolymerixed 
mixture in the starling low-moleculuWeigh~ hepUin. For 
the 4 Wanhydro derivative whid~ cornspond to the peaks 
7,8,13 and 19, the following penzentages by weight are 
0btsil.l~ 

[0069] Area,, Am+ Am, and kea, correspond to the 
areasofeacbofthcpeak7,8,l3and19.Themolarmasses 
of each of these 4 compounde am 443,443,545 and 1210 
respechly. m4w.-Aq colrrespaods to the raIi0 of the 
uluofcrchpcakofIhechnomrtognmbythcmolrrmrasof 
the comspondmg product. 

[0070] If M, is the mean mass of the low-molecular- 
weight beparin studi@ the percentage of 0ligasaccLridc 
chains ending with a 1,6-anhydro ring is obtained in the 
following mannerz 

[0071] The molecular masses of the cor~tituents are the 
following: 

5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 30 
17 31 
18 32 
19 19 

1 
20 

3 
21 
22 
23 

7 
8 

24 
2.5 
26 
27 
13 
28 
7.9 

741 

ii 
461 
441 
543 
443 
443 
503 
563 
563 
563 
545 
60s 

1066 
665 
96s 

1168 
l210 

[OW2] Nomenclauture of the Saccharides and Contspon- 
dencewitbthePeaksAccordingtoFIGS.2and3 

[0073] Idok a-Idopyrarszsylumnic rcid, 

[OU74] GW fi-Glucopyranosylumnic acid; 

[O&75] AGlc.Az 4,5-unsaturated acid: 4-dcoxy-a-L 
tlueo-hex-encpyrawsylumnic acid; 

Gak D-Galactose; 

Xyl: xyk; 

GlcNAc: 2deoxy-2-lcetunidoaDglucopyn 

GlcNS: 2deoxy-2-sulfamido-aD-glucopyra- 

23 2-O-sulfate. 

35: 3-O-sulfate, 

6s: 6-O-suIfate 

1: AGlcAfl,, Gal fllq3 GaIfJ,, Xyl &-O&r 

[0084] 2: 4deoxy-a-Ltbreo-hex-enep~anosyhuonic 
acid-(l~4).2&oxy-2-acetamidou-D-gh~mpyrano- 
syl sodium salt 
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[0086] 4: 4deoxy-a-Lthreo-~x-4-enogalactopp~ 
syl-uronic acid-(l4)-2-deoxy-2Julfamido-B-Dglu- 
mpynnose disodium salt 

[0887] 5: 4-d~xyu-L~no-hcxcncp~a~yi~o~c 
add-(l4)-2dcoxy-2-su~~~~a-D-gluco 
sodium salt 

[0088] 6: 4deoxyaL,.thmo-~xenepyramsyluronic 
acid(l~~2-deoxy-2-a~~~Pmidod-0-sulfo-a-D- 
ghlco-pymIloSy1 disodium salt 

[0089] 7: 4-deoxya.Gthrco-hex~n~y4-enepyranosylu- 
ronic acid-(14~~~~~~2~~-2~arn~ 
&D-glucopyranaw disodium salt (disaccharide 1) 

[oo9o] fk 4~xya-Lthrto-hcx~ncp~~ecncpynoasylu- 
mnic acid-(14 )-1,6-anhydro3deoxy-2&famido- 
p-D-mannop~uose dkdium salt (diiccharide 2) 

[O&U] 9: 4~y-2-Q~uulfoa-Ltbreo-hexcnepyrr- 
nasyl-uranic a&l-(1+4)-2deoxy-Z-ride-a-D- 
glucopyranwyl disodium salt 

[OO!l2] 10: 4-deoxy-a~L-t&o-Iiex-Geuegalactopyra- 
nosyl-uronic acid(l+I)-2deoxy-2-sulfamido&O- 
sulfo+D-glucopyranose t&odium salt 

[0093] 11: 4deoxyu-Lthreo-hexenepyranosyluconic 
ad~(l34)-2-deoXy-2sllllamido-6-09ulfo-- 
copynnosyl t&odium salt 

[0094] 12: 4deoxy-2-0-sulloa-Lthna-hexcnepyn- 
oapyl-uranic acid-(l-+4)-2&-q&sulfamidwa-D- 
gluoqycanosyl &odium salt 

[0095] 13: 4deoxy-2&u&a-L-tbhex-G 
cucpyranosyl-uroaic i&i-(14)-1,6-anhydm-2- 
deoxy-Zsulhmido-g-D+zopyranose t&odium salt 
(Disaccharide 3) 

[0096] 14: 4deoxy-2-O-sulfou-Gthno-hex~~~a- 
ncsyl-uranic acid(l-+4)-2de.oxy-2-aa%mido-G0- 
sul&o-D-glucopyranosyl &odium salt 

[0097] 15: 4dcoxy&.-thrto-hex-ellepy~yl~nic 
acid-@-4)2dcoxy-%~~W-O-sulfo-a-D- 
glum-Wnnosyl-(l4)#~-D~~~an~l~ 
acid-(14~2acory-2su~~~~3~~~~-D- 
gluco-pynnosyl)pewodium salt 

[0098] 16: 4deoxy-2-O-s&-a-Ltbreo-hexcnepyra- 
nosyl-uconic acid(l~4)-2dcq-2-sulfantidwXI- 
su&u-D-glucopyryranosyl tetrasodium salt 

[0099] 17: 4deoxyu-L-tbre&ex*nepycanosyluronic 
acid-(14~2-dcoxy-2re~~~6~~a-D- 
glum-pynnmyl-(l-d)~-D-glucopyr~~l~~c 
acid-(14~2~~-2-rrulfamido-3,6-di-0 
glucopywlosyl)lle~ salt 

[01~~,~~~~2.~u-Lt~-~x~n~yra- 
acid-(l4&kwy-%Wdo-6-O- 

solso-D-ptucop~yl~.l4~~~u-L~~ 
mnosylumnic acid hexasodium salt 

[OlOl] 19: edeoxy-2-O-suMo-a-Lthreo-bexcoepyn- 
llosyLulwlic acql4)-2deoxy-2-aulfamido-6-o- 
s1dfo-a-D-gh1a3pynaosyll-(l4).~ifo.a-L 
idopynnosylumnic acid~~14)-l&nltydro-2deoxy- 
sulfamido-g-D-maunopywxie, kwodium salt 
(tetrasa&a&le I) 

[0102] u3: 4deoxy-a-Ltbre0-hex-eqq7anwylumnic 
&i-(14)-2deoxy-2-acetamido-a-D-g&it01 
sodium salt 

[0103] 21: 4-deoxy-a-Lthreo-hexcnepyranosylumllic 
rcid-(l4)-2d~xy-2-s~~~~D~~~l diso- 
dhlm salt 

c [mq 22: 4deoxy-a-Ltlu&tex-enepyranosylurouic 
~-(14)-2deoxy-2-~~a-D-~~~] diso- 
diumsalt 

[Olos] 23: 4deoxy-a&tllre+hex-enepyranosyluronic 
scid~l4)-2deoxy-2-~~~~~-~~- 
citol disodhllll salt 

[0106] u: 4-deoxy-2-O-sulfou-Lthre~llexulcpyra- 
nosyl-uranic &d-(14)-2deoxy-2-acetamido-a-D- 
gltitol &odium salt 

[OlW] 25: 4&q-a-Lthr~hex-eqaktopyrano- 
sylumnic acid(l4)-2deoxy-~-~-~fo- 
~D-ghlcitol triwdiuln salc 

[Oloq 26: 4deoxy-a-~hexc~yfallosyhuonic 
acid(l4)-2d~X~~~~~~~-D~u- 
citol &odium salt 

[0109] 27: 4deoxy-2-O-t3ulfou-Ltbno-hcxcocpyn- 
nosyl-umnic a&(14)-2deoxy-2-sulfamido-a-D- 
glucitol t&odium salt 

[OllO] 28: 4deoxy-2-o~ou-Ltll~llex~llcpym- 
msyl-uranic acid-(l4)-2deoxy-2-acetamido-6-O- 
sulfa-a-D-glucitol t&odium salt 

[Olll) 29: 4dcoxy-a-Ltlueo-hex-encpyranosyhtronic 
a&(14)-2deoxy-2-aceMdoM&fo-a-D- 
ptuco-~yrrwsyl-1~4~-B-D~~~~~~c 
acia~l4~~y-2~~~~O~u~~-D~lu- 
citol) pcntasodillnl salt 

[Oll2] 30: 4deoxy-2-O-sulfou-Lthno-bexenepyra- 
nosyl-umnic acid(l4)-2deoxy-2+uk&6-0- 
sulfou-D-glucitol trisodium salt 

[Oll3] 31: 4deoxy-a-Ltlueo-bex-etlepyranosyhlronic 
acid-(l4)-2dcoxy-2-rcctunidob-OBlllfo- 
copyramsyl-(l4)-BDayl-uranic acid- 
(1~4)-2dcox~3,6~-O~-D~- 
citol) hexawdium salt 

(Oll4] 32 4-dulxy-~-aulfo-a-Lttl~hexulepym- 
aosyl-umnic aciJ-(l4)-2deoxy-2-mdfami~O- 
~~-~~~~~yl~llosyI-(14>2-0aulboa-cido 
nnosyluronic acid hexwdium salt (form reduced with 
N1BHJ. 

what is clailned is: 
1. A method for analysing hepa& or low-molecular- 

weight hepuisq compdsing 

l+Sepoiymeking the sample by the action of be+- 
Dww; 

2-optionally, mdncing the depolymerhd srmph; and 

3-assaying by bigh+ixmaacc liquid chmmatognphy. 
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2. ‘Ihe method as claimed in claim 1, Her comprising 
carrying out a search for Lb6 preseuce of oligosaccharide 
chaina w&se end is moditicd with a 1,6-anhydro bond. 

3. lllc mcllxxl as dc6ncd in ctaira 1, wherein the llepa- 
rinascsareintbeformofamixbueofhepuke1(E!C 
4X2.7.), heparinme 2 (bpa~io lysse Il) mod hepsrinase 3 
(F!.c 64.2.2.8.). 

4. The method as delined in claim 1, wherein the heparin 
depolymeked by the action of hepariosse (depolymerizate) 
is tlm subjected to a reducimlg ageot. 

5. The method as de&d ia claim 4, wherein the reducing 
agent ia NaBH, or an alkali metal salt of the borob&idc 
alli0ll. 

6. The method ss defined in claim 1 wherein tbe low- 
molecular weight heparin is eooxxparin. 

7. The method as deEned io claim 1, ia which tbe 
chromatographic method wed is an anion-exchange cbro- 
maWwhy. 

8. Tbe method as defined in claim 7, further comprising 
a mobile phase which is tmnspanot in the W region up to 
2oon.ol. 

9. The method as detlued ixi claim S, wherein the mobile 
phase used is sodium perchlorate, mcthanesulfonate salts or 
phosphate salts. 

10. 7’he method as defined in claim 7, whenin said 
method can selectively detect acetylated sugars. 

11. lhe method as detined in claim 10, wbucin the 
selective detection of tbc scetyiated sugars is carried out 
taking assignal the dilfereoce between the absorbance at two 
waveleogths chosen such that the absorptivity of the noo- 
acetylated saccharides fzaocels out. 

12. Ibe method as claimed in claim 1, wherein the 
lb-aahydro residues obtained during the depolymecization 
readioll are the foflowiog: 

l3. A l&ohydro derivative of fonmda (d&&ride 1) 

CozNa 

14. A 1.6~anhydro derivative of formula (disaccharide 2) 

IS. A 1,6-anbydro derivative of fommla (disaccharide 3) 
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16. Atrisaccharide derivrhe of formula: (tiaccharLk 1) 

Jun. 2,200s 

+ * * l 1 


